Since bilateral ablations of the olfactory bulb were found to induce characteristic hyperemotionality in the rat (1-5), this behavior, particularly aggressiveness, has come to be used for evaluating the taming effect of tranquilizing agents, though the neural mechanisms underlying this abnormal behavior have remained unknown (6).<BR> It would be worthwhile to know the changes in drug sensitivity of such abnormal animals, even from the ceinical point of view, and the effects of psychotropic drugs are known to be different qualitatively, as well as quantitatively, depending on the disease.
of 5 to 6 mice, and given water and food ad libitum. Experiments were started 2 weeks after the surgery. After termination of the experiments, the brain was perfused through a canula in the heart with physiological saline followed by 10°0 formalin and extracted from the skull. The extent of the olfactory bulb lesion was examined macroscopically, and then the brain was sectioned and stained with cres,,I violet. Under the microscope, the olfactory bulbs and surrounding tissues were examined histologically. The mice with olfactory bulb ablation (O.B. mice), in which more than 1/3 of both the bulbs remained , or injuries in the forebrain existed, were excluded from the data. In the sham operated group , the mice which exhibited damage to the olfactory bulb were also discarded.
Tv-tu'rinrcutal hrocc(lru-cs: The developments of electroshock and drug-induced convulsions were observed in each group. 1) Alaxiu al clcctroshoc/T sci-rrrc trvt (M.E.S.)
Electroshock of 50 mA, 60 c/ s a.c., generated by a partly modified Woodbury and Davenport's apparatus (13), was applied to the head through the corneal electrodes (14) for 0.2 sec in mice, and the time courses of the tonic flexion (TF), tonic extension (TE), clonic convulsion (CL) and postictal coma (CO) were measured in sec. (15) . Running movements (RM) were included in CL. Groups of twenty mice Were used in this experi ment.
2) Minimal electroshock threshold test (M.F.T.)
By changing the intensity of electroshock current stepwise, the threshold intensity for inducing convulsion was measured and the 50% convulsant current (CS50) was calculated. As indices of the convulsion, minimal full seizure (MS), RM, CL, TF and TE were observed (16) . Twenty four mice were used in each group.
3) Drut,-induced convulsion
The convulsions induced by subcutaneous injection of pentetrazol, picrotoxin, amino hexan (I-ethyl-benzoxy-2-(Iimethylaminomethyl-cyclohexane) and strychnine nitrate in the O.B. mice were compared with those in the intact mice. The 50`,', convulsant dose (CD50) for each drug was determined in each group. Eight mice were used for each dose of the drugs in this experiment.
4) Statistical analysis
The data were statistically analyzed by the method of Litchfield and Wilcoxon (17 Pure lox ll Coll rlr/Sloil
As can be seen in Table 2 , the incidences of MS and CL induced by picrotoxin in the O.B. mice were almost the same as in the intact mice, while that of TE was slightly lower and thus the LD50 was a little larger than that in the intact mice, though a statistically significant difference was not found between two groups.
Aniinohexan convulsion
It has been known that aminohexan induces only CL in mice (16) . The incidence of aminohexan convulsion in the O.B. mice was less than that in the intact mice, as shown in Sllrl'c/111ille COIIPII~.CIf)11
The convulsion induced by various subcutaneous doses of strychnine is shown in Table 4 . Strychnine caused sonic motor elicitation without inducing convulsion in doses less than 0.5 nag/kg s.c., but the drug induced TE within 10 min . in doses over 0.7 mg/kg s.c. and TE was invariably followed by death in the intact mice . However, more than 1.0 mg/kg of the ding was needed to induce convulsion in the O .B. mice, and, furthermore, some of' the animals exhibited only CL instead of TE , and some induced long-lasting CL before the development of TE. Such a convulsion pattern was never observed with strych nine in the intact mice. The 1,1350 of strychnine for the O .B. mice was thus significantly greater (p <0.01) than that for the intact mice. convulsion, and this is also evidenced by the finding that the threshold electric current for inducing convulsion was increased in intensity after olfactory bulb albation.
On the other hand, the MS and CL induced by pentetrazol and picrotoxin in the O.B.
mice were almost the same in incidence as in the intact group, but the development of TE was reduced, and thus the incidence of death tended to be reduced, though the LD50 of these drugs showed no significant difference between the O.B. and intact mice.
The development of TE induced by strychnine was markedly depressed, and thus the LD50 was more significantly increased in the O.B. mice than in the intact group. However, some of the O.B. mice showed more severe CL without developing TE, and some exhibited long-lasting CL prior to TE. These patterns of the strychnine convulsion are never ob served in intact animals. The CL induced by aminohexan was also greatly reduced in the O.B. mice.
It should be emphasized that these changes in sensitivity to convulsion, as in the be havioral changes, were rather inconsistent for a week or so after ablations of the olfactory bulb.
It is hardly conceivable that either electric current through the brain or penetration of the drugs through the blood-brain barrier is reduced by olfactory bulb ablation. It is more likely that the neural mechanisms in the CNS related to development of convulsion might be somehow changed after ablation of the olfactory bulb.
It has been reported that the brain areas which play an important role in developing tonic convulsion are the reticular formation in the midbrain, the pons and the medulla (18) (19) (20) .
On the other hand, many investigators have suggested, from the results of pen tetrazol convulsion, that the important areas for developing clonic convulsion are the cerebral motor cortex and the thalamus, particularly the thalamo-cortical reverberating circuits and related basal ganglia or their interconnections (21) (22) (23) (24) . It is assumed that ablation of the olfactory bulb must have a great influence on the activity of these neuronal systems.
The afferent fibers originating from the olfactory bulb are distributed, mainly through the lateral olfactory tract, to the anterior olfactory nuclei, the olfactory tubercle, the pre pyriform cortex, the pyriform cortex and the cortical and medial amygdaloid nuclei (25) (26) (27) .
These limbic areas are supposed to be directly influenced by olfactory bulb ablation as a result either of the absence of the olfactory impulses or the degeneration of the olfactory afferent fibers.
Boisacq & Callens (28) , in fact, found that the excitability of the prepyriform cortex increased after removal of the olfactory bulb, and Callens et al. (29) assumed that release from the inhibitory influences of the olfactory neurons accounted for this phenomenon.
Changes in the activity of the amygdala are also evidenced by the recent finding (30) in our laboratory that the EEG activity of the amydgala was much reduced in voltage after olfactory bulb ablation in rats with chronic electrode implants. The activities of other limbic areas connected with the olfactory bulb, therefore, may be changed in the O.B. mice as well.
There is very little known about the role of the limbic system in the development of convulsion.
Nakashima (16) found that, in rabbits, aminohexan convulsion was depressed by ablation of either the cerebral hemisphere or the motor cortex, whereas it was enhanced by lesion of the ventral parts of the temporal lobe including the amygdala. It is therefore suggested that the reduced sensitivity to aminohexan convulsion of the O.B. mice may be related to increased activity of the amygdala, the prepyriform cortex etc., and that the site of action of aminohexan may be related to the limbic areas receiving the fibers from the olfactory bulb.
As the sensitivity to clonic convulsion induced by pentetrazol and picrotoxin was not altered by olfactory bulb ablation, the site and mechanism of action of these agents must be different from those of aminohexan.
In the O.B. mice, some parts of the anterior olfactory nuclei were also lesioned in this experiment.
The fibers from these nuclei are connected with the hypothalamus and the midbrain through the medial forbrain bundle. The activity of the hypothalamus and the midbrain may also be influenced directly by olfacotry bulb ablation, as well as indirectly with altered activity of the other limbic structures such as the amygdala, the pyriform cortex, the olfactory tubercle and so on. These may also account for the increased activity and aggressiveness of the O.B. mice.
The O.B. mice are maintained at a higher arousal level, indicating increased activity of the midbrain reticular activating system, and this condition seems to reduce the suscepti bility to tonic convulsion indrt,--ed by strychnine. The tonic convulsion induced by maximal electroshock failed to he reduced, but recovery from the convulsion was quite rapid in the O.B. mice. This may also be due to an increased activity of the midbrain reticular formation.
These neural mechanisms should be clarified in further investigations.
Recently it was found that removal of the olfactory bulb increased norepinephrine levels with elevated activity of monoamine oxidase (MAO) in the brain stem, whereas re moval decreased norepinephrine with lowered MAO activity in the telencephalon (31) (32) (33) 
